Objective: The objective of this study is to compare complication rates between peripherally inserted central catheters (PICCs) and peripherally inserted non-central catheters (PINCCs) in the neonatal intensive care unit (NICU).
Introduction
Intravenous (IV) access is often necessary in the neonatal intensive care unit (NICU) population to provide adequate nutritional and pharmacological support. Maintaining access with peripheral IV catheters in this population is often difficult and impractical. Therefore, when prolonged IV support is required, a central line is typically placed. Their use can reduce painful needle sticks 1 and provide a stable method of delivering medications and total parenteral nutrition at the high caloric densities needed by premature neonates to grow and develop.
In many NICUs, peripherally inserted central catheters (PICCs) are the most common type of central line utilized for long-term IV access. The ideal (i.e., 'central') location of the catheter tip is in the superior or inferior vena cava. Occasionally, due to factors such as venous tortuosity, small venous diameter, or obstructing valves, central location cannot be achieved and the catheter tip falls short of its desired destination. If no other IV access is readily available, these peripherally inserted non-central catheters (PINCCs) may still be utilized until no longer needed or until a catheter-related complication develops. Prior studies estimate that catheter-related complications may occur in up to 30% of PICCs placed in the NICU. [2] [3] [4] Similar NICU-specific data, however, are not available for PINCCs.
We hypothesized that complication rates associated with the use of PINCCs in the NICU population are higher than those associated with PICCs. Furthermore, within the subset of PINCCs that remain in use, we hypothesized that there are fewer complications associated with those that are near central versus those that are not.
Methods

Study population and design
We conducted a retrospective, observational study in the Yale-New Haven Children's Hospital newborn special care unit (NBSCU). The NBSCU is a 54-bed level IIIc 5 NICU located in New Haven, Connecticut, for patients with complex medical and surgical conditions. Approximately 850 to 950 inborn and outborn patients are admitted to the NBSCU annually. For the purpose of this investigation, we included all neonates admitted to the NBSCU from 1 July 2005 through 30 June 2010, who required at least one PICC and/or PINCC during their hospitalization.
Definitions
Although manufacturers differed, all lines placed during the study period were 1.9 French polyurethane catheters (Angyle, Covidien, Dublin, Ireland; Becton, Dickenson and Co. Franklin Lakes, NJ, USA). Line position was defined radiographically via location of the catheter tip. The most recent radiograph obtained before catheter removal was utilized for this purpose. A PICC was defined by catheter tip location in the superior vena cava for those inserted in the upper extremities, or in the inferior vena cava for those inserted in the lower extremities. A PINCC was defined by a catheter tip that fell short of this desired location. PINCCs were sub-categorized as near-central and non-near-central. Near-central lines were those where the tip extended beyond the head of the humerus and into the axillary or subclavian vein for those placed in the upper extremities, or beyond the head of the femur and into the external or common iliac vein for those placed in the lower extremities. Non-near-central PINCCs were those whose tip did not extend beyond the head of the humerus or femur (Figure 1 ).
Line-related complications included line-associated bloodstream infections, phlebitis, occlusion, soft-tissue infiltration, external catheter leakage and effusion. A line-associated bloodstream infection was defined according to the criteria from the National Healthcare Safety Network. 6 Although this definition was modified in 2008, 7 the prior definition was utilized to maintain consistency throughout the study period. Phlebitis was defined as inflammation of a deep or superficial vein presenting as tenderness, erythema and/or induration. Occlusion was defined as the inability to infuse through a line. Infiltration was defined as extravasation of fluids into the soft tissue. External leakage was defined by the collection of IV fluid under the catheter dressing. Effusion was defined as the escape of fluid from the blood vessels or the lymphatic system and its collection in a cavity (i.e., pleural and pericardial space).
Data collection
Data are collected prospectively on all lines placed in the NBSCU and maintained in an electronic database. This database incorporates not only the location, duration and outcome of each line placed, but also the demographic and hospital data on each infant. For this investigation, the database was accessed and the following variables collected: indication for line placement (i.e., nutritional support, pharmacological support, or both), birth weight (BW), gestational age, sex, day of life and weight at line placement, level of experience of person placing the line, insertion site, type of line (by manufacturer), number of needle sticks before the line was successfully inserted, number of manipulations (i.e., repositioning of the catheter) attempted before the line was left in its final position, final position of the catheter tip, number of dressing changes performed while the line was indwelling, cumulative duration of antibiotic exposure while the line was indwelling (in days), duration of line use (in days) and reason for removal. In PINCCs only, the maximum concentration of dextrose infused through the line while indwelling was also recorded, and for data analysis, categorized as p12.5% or >12.5%.
During the study period (specifically from 1 July 2007 through 31 December 2007), a successful initiative was undertaken in the NBSCU to reduce central line-associated blood stream infections. 
Statistical analyses
Unadjusted (unadj.) comparisons of PICC and PINCC characteristics were made utilizing the w 2 -test or Fisher's exact test for dichotomous data and Mann-Whitney's U-test or Student's t-test for continuous data. Complication rates were calculated and presented as the number of complications per 1000 catheter days. Unadjusted PICC and PINCC complication rates were first compared using a simple rate ratio (RR) and the associated 95% confidence interval (CI). Adjusted rates, RRs and 95% CIs were obtained using stratification approach and common RRs were obtained via Mantzel-Haensel estimator. Risk factors for linerelated complications were further assessed via multivariate analysis using generalized estimating equations modeling to account for repeated catheter placements within the same infant. Results from generalized estimating equations are expressed as adjusted (adj.) odds ratios with 95% CIs. Statistical significance was established with an alpha of 0.05. Analyses were performed using SAS 9.2 (Cary, NC, USA).
The investigation was approved by the Human Investigation Committee of the Yale University School of Medicine. 
Results
Data
When PINCCs and PICCs were directly compared, a major complication occurred in 44.0% of all PINCCs as compared with 25.2% of PICCs (P ¼ 0.0001). The most common complication observed with the use of a PINCC was infiltration, whereas phlebitis was the most common complication that occurred with the use of a PICC. (Figure 2 )
The PINCC-associated complication rate was determined to be 51. 7 
Adjusted line-related complications
The common Mantzel-Haensel RRs obtained after adjustment for BW, indication for line insertion, insertion site, day of life at line placement, number of manipulations, duration of catheter use and duration of antibiotic exposure confirmed that the rate of complications in PINCCs was significantly higher than in PICCs. In the multivariate model, BW, indication for line insertion, insertion site, day of life and weight at insertion, number of manipulations before insertion, duration of use and antibiotic exposure during line use were not significant predictors of linerelated complications. (Table 2 ) However, a significantly higher likelihood of developing a complication was still observed with the use of PINCCs as compared with PICCS (adj. odds ratio ¼ 2.41; 95% CI 1.33, 4.37).
Complications in PINCCs
In a subgroup analysis of all PINCCs, a lower rate of line-related complications was observed when the maximum concentration of dextrose infusing through the catheter was >12.5% as compared with those infusing p12.5% dextrose (unadj. RR ¼ 0.31; 95% CI 0.22, 0.44). 
Discussion
Central lines are used commonly in the NICU population and have been associated with significant risks to an already vulnerable patient population. [2] [3] [4] 9 As a result, efforts have been conducted in many NICUs to limit rates of these complications and their associated morbidity and mortality. Most notably, dramatic success has been reported with both local and regional efforts to reduce central line-associated bloodstream infections. 8, [10] [11] [12] The initial step in these improvement processes has been the proper identification and a thorough assessment of the underlying problem. We therefore sought to identify the risks associated with the use of PINCCs in critically ill neonates. Although some data on this subject already exist in the pediatric ICU population, to our knowledge, this is the first to report these data in the NICU population and to compare the rates of PINCC and PICC-related complications.
Data from the pediatric population are conflicting regarding differences in the rates of catheter-associated complications in central versus non-central lines. Thiagarajan et al. 13 compared 354 central with 233 non-central catheters in 519 pediatric ICU patients with a mean age of 5.5 years. In their cohort, PICCs were utilized for a significantly longer duration of time as compared with noncentrally placed catheters (16.6 vs 11.4 days), but no significant differences in associated complications were observed (hazard ratio ¼ 0.8; 95% CI: 0.6, 1.1). 13 The authors concluded that percutaneous lines positioned in non-central veins were reliable and safe for up to 2 weeks of use. 13 Alternatively, Racadio et al.
14 compared the complication rates between 1096 percutaneous central catheters and 170 non-central catheters placed in 1053 pediatric patients with a mean age of 6.5 years. A significantly higher proportion of complications were observed with the use of PINCCs (28.8%) as compared with PICCs (3.8%). This finding remained significant after controlling for several potential confounding variables (adj. odds ratio ¼ 8.28; 95% CI 5.11, 13.43). 14 The authors concluded that the central location of the catheter tip should be ensured in infants and children to minimize the risk of catheter-related complications. Figure 2 Pie graphs depicting the most common complications associated with the use of peripherally inserted non-central catheters (PINCCs) and peripherally inserted central catheters (PICCs). Line-associated complications in newborns K Colacchio et al
Although no prior direct comparisons between PINCC and PICCrelated complications in the NICU population have been performed, the risks associated with the use of midline catheters have been investigated. [15] [16] [17] [18] [19] Midline catheters are different from PINCCs in that they are shorter IV catheters, typically placed in the extremities with the tip purposefully meant to extend no further than the axillary vein or the inguinal fold. Alternatively, PINCCs are intended to be located centrally, but never reached that desired destination. Leick-Rude et al. 19 reviewed data collected prospectively from 1130 mid-line catheters placed in 858 patients from a level IIIc NICU over a 4-and 1.5-year period. The overall mean dwell time for these catheters was 8.7 days and the median cumulative survival time until a catheter-related complication was 11 days. Elective removal occurred in 49% of all midline catheters. Of the remaining 51%, infiltration occurred in 22%, occlusion in 17%, catheter leakage in 11%, phlebitis in 2% and infection in 0.8%. 19 The authors concluded that midline catheters could be used both safely and effectively to provide stable IV access and to avoid many of the complications typically associated with central lines. 19 However, the only direct comparison made between the midline and central lines was with respect to the risk of bloodstream infections, which accounted for the minority of complications observed.
In our NICU population, we determined that the complication rate associated with the use of PINCCs was significantly higher than that associated with the use of PICCs. We then attempted to isolate the effect of the catheter tip position by controlling for several potential confounding variables related to the patient population, as well as to line insertion and maintenance practices. After doing so, the complication risk associated with the use of a PINCC remained more than two times higher than that associated with a PICC. The location of the catheter tip in a large diameter blood vessel like the superior or inferior vena cava allows for rapid hemodilution of infused solutions and minimizes the risk of catheter tip contact with the vascular endothelium. 2 It is therefore not surprising that we observed a significantly higher rate of complications such as infiltration with the use of non-central catheters, which, particularly in the premature neonatal population, may result in significant tissue necrosis and scarring. 20, 21 These findings stress the importance and potential risks associated with catheter tip position.
A similar association, however, was not observed when nearcentral and non-near-central PINCCs were compared. Although the sample size was small, the subgroup analyses determined that complication rates of these non-central catheters were near identical. Therefore, although central positioning of the catheter tip is clearly preferred to non-central positioning, no further conclusions can be made from this investigation with respect to the 'ideal' location of a non-central catheter.
There are several limitations to our investigation that should be considered. Although we were able to collect data over a 5-year period, this was a single center study with a limited sample size. In some situations, this made the interpretation of subgroup analyses (e.g., the comparison of near-central and non-near-central lines) difficult. Additionally, we were unable to collect and control for all factors that might have contributed to the line-related complications, including variability in techniques for catheter insertion and maintenance, as well as patient severity of illness. Also, common practice in our NICU with respect to line placement is to obtain a radiograph after every line placement and after any adjustment is made to the position of the catheter. It is not a common practice to then verify the catheter tip position on a regular basis. It is therefore possible that some catheters originally categorized as PICCs may have migrated to a peripheral position without our knowledge, leading to misclassification in our analyses. Lastly, there was likely some selection bias involved with respect to which patients had PINCCs placed and which had PICCs. When we compared the study populations, the mean BW of infants who only had a PINCC placed was significantly higher than those with a PICC (2253 vs 1494 g). More premature infants, especially those of very low birth weight (<1500 g), often require high caloric-density parenteral nutrition for prolonged periods of time. An individual placing a catheter, understanding this need, may be less inclined to accept non-central catheter placement in a very low birth weight infant and more inclined to remove that line and reattempt central access. We attempted to control for this and other potential biases via statistical analysis and determined that, despite a population with higher BW, PINCCs carried a greater, not lower, risk of associated complications.
In conclusion, PICCs remain the preferred method of IV access in the NICU population although nearly 10% of all catheter insertions result in non-central catheter tip position. The use of these PINCCs is associated with more than double the rate of associated complications. Therefore, if the decision is made to utilize a PINCC, careful monitoring of the insertion site and the associated extremity, given the risks associated with infiltration, should be conducted regularly.
